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Introduction
Emergency and disaster events are very complex and dynamic situations and any delay in the response may put many lives at risk. According to the Federal Emergency Management Agency (FEMA), emergency is every incident, natural (hurricanes, windstorms and volcanic eruptions) or man made (terrorism, fire and explosion) which requires a response action to protect life or property [1] . The damages caused in such situations are unmeasurable and vary according to the incident scenario. To some extent the consequences can influence the mental status, socioeconomic, political and cultural life of the affected area. In Brazil, three classic examples of unprepared rescue plan are fire in the Andraus building (Sao Paulo -1972) which killed 16 people and injured 330, fire in the Joelma building (Sao Paulo -1974) with more than 180 deaths and the most recent, fire in the Kiss night club (Rio Grande do Sul -2013) which culminated in the death of 242 people [2] , [3] .
The response actions of fire incidents should be timely accurate and communication problems should never take place at no means. Teams selection, identification of victims The lack of important communication assets for an efficient emergency response, such as clear command structure, standardization of emergencies response protocols and common terminology among the organizations, motivated the construction of ontologies aimed to support standardization of documentation for response protocols. Thus, ontologies are very useful to facilitate sharing and reuse of information [4] - [6] .
The proposal of this work is to help in the standardization and sharing of response protocols of fire in buildings, through the construction of a domain ontology called EmergencyFire. We provide a semantic vocabulary necessary for domain applications to automatically reason through inferences. We raised a wide vocabulary from two corporations and build an ontology that was assessed by experts. In this way we expect that EmergencyFire facilitates sharing and integration of information, provide interoperability between people and systems, reduce occurrences of false compliances and improve response time in emergencies. This paper is structured as follows: Sect. 2 presents the related works, Sect. 3 presents the construction process of the EmergencyFire (specification, conceptualization, formalization/implementation), Sect. 4 presents the ana-lysis and evaluation process, Sect. 5 presents an example of the applicability of the ontology and Sect. 6 concludes the work.
Related Work
In the literature many authors have proposed ontologies for emergency situations. DIRES is an ontology to describe emergency situations and the main factors associated with response activities to an incident. This ontology define terms based on predefined questions such as incident (what happened?), operations (which can be done?), people and organizations (who are involved and can take action?), resources (what resources are needed?), time and place (when and where?) [7] . EMERGEL (2013) (2014) (2015) is an ontology core which contains the common knowledge and concepts related to emergency situations and the parties involved in a crisis situation. This ontology uses the Simple Knowledge Organization System (SKOS) to easily capture collections, subordinate concepts and hierarchies [8] .
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We did not use the DIRES and EMERGEL ontologies because they do not have proper concepts addressing the context of fire emergency situations, which is the current focus of our proposal. Many concepts such as combustion, response action, protocol, fire, etc, were missing in those ontologies. The description of the very few classes in common (e.g. organization, vehicle, event and incident)were a little biased to the context of each ontology making them very difficult to be effectively reused in our target domain. In addition, we noticed many other classes with very technical terms related to unknown third party systems associated with particular European Projects. Although the aforementioned reasons, this does not prevent us, as a future work, to carry out a joint work in order to merge both ontologies in a single and enriched one.
EDXL-Rescuer (2014-2016) is an ontology from the project Rescuer (Reliable and Smart Crowdsourcing Solution for Emergency and Crisis Management). This project uses crowdsourcing to support industrial parks and security forces during an emergency situation. The EDXL-Rescuer is a conceptual model based on EDXL (Emergency Data Exchange Language), which aims interoperability between legacy systems [9] .
The EDXL-RESCUER was not used because its focus relies solely on exchanging messages during an emergency situation rather than the procedures and actions taken in such a scenario. We observed a considerable lack of specific concepts that alternatively are addressed in our ontology. The other reason why concepts from EDXL-RESCUER were not used was that during the development of our ontology the EDXL was still a working progress without any formal evaluation. However, we are encouraged to extend our onto-logy with important concepts covered by EDXL as a future work.
The ontologies EMERGEL, DIRES and EDXL-Rescuer were created in order to solve semantic interoperability problems between systems. They deal with generic terms related to emergencies (emergency, emergency type, involved elements, resources, organizations, risk), focusing on taxonomy, concepts and relationships. EmergencyFire, in addition, comes to specify concepts like fire, fire class, type of occupation of the building, combustion, among others. This ontology is a knowledge base focused on emergency situations of fire in buildings. Thus, the referenced works and their documentation were used only as reference for verification of thematic approaches in order to assist in closing scope and conceptualization of the generic terms.
The ONTOEMERGE (2010-2013), an ontology developed by UFRJ along with University of Valencia, has the purpose of supporting variability solutions for emergency plans [10] . Likewise, the ONTOMERGE does not contain very important concepts addressed in the context of this proposal. Although some generic potential concepts were found such as climatic condition, incident, emergency, organization, resource, event, among others. However, we opted for not using them due to the fact that no evaluation on that terms had been performed to ensure their semantic accuracy.
Nevertheless, upon a major evaluation of ONTOMERGE, we feel encouraged to extend our work with classes from that ontology as a future work.
Besides the cited works, there are others such as: i) the OntoFire which is an ontology-based geo-portal about wildfires than includes several concepts such as vegetation, climate and fire, in order to describe the semantic context of wildfires and their associated risks [11] and ii) the EDXL which is a suite of XML-based emergency terms to standar-dize terms for message exchanges during emergencies (it was developed and made available by OASIS in 2006) [9] . Some technologies that support emergency management such as the SOS193 in which the goal is to guide the population in emergency situations [12] and RiskManager which includes solutions for emergency response and dispatch, intelligence, risk management and governance in order to support emergency management [13] .
EmergencyFire: An Ontology for Fire Emergency Situations
Part of this work was presented superficially in a short paper entitled "EmergencyFire: An Ontology for Fire Emergency Situations" [14] , in which the major focus was on the methodological approach used. After that preliminary publication, the work was continued and a proper evaluation with specialist was carried out. Some changes include: the class Vehicle is no longer a subclass of the class MaterialResource, some individual such as EnteringPlace, ProtectingVictims and ClearEscapeRoute have become subclasses of the class ResponseAction, and the class TacticalOperation was changed to CarePhase. The current work therefore incorporates substantial changes in both focus and content. The process of building EmergencyFire was based on the ontology development methodology called Methontology [15] . This methodology was chosen because it is widely applied and provide several elements to support ontology development such as specification, knowledge acquisition, conceptualization, implementation and others. The ontology development took four main steps: i) specification, ii) conceptualization, iii) formalization/implementation and iv) evaluation.
For the specification, domain conceptual modeling and evaluation we were used the qualitative research approach and for the formalization/implementation we were used the Protégé tool [16] . The methods and instruments (interviews, questionnaires and documentary analysis) of the qualitative research approach [17] , [18] used were essential to understand the domain and its relevance, lock scope, collecting terms, their relationships, definitions and rules. The data collected through qualitative research are descriptive, depicting the largest possible number of elements actually studied [18] .
The study was conducted within the Military Department of Firefighters of Bahia, Brazil, because of the ease access to the experts (http://www.cbm.ba.gov.br/ ). This organization is directly responsible for fire fighting, search and What human resources should be triggered?
4.
What materials or equipment must be used?
5.
What organs will be triggered?
6.
What is the form of communication?
7.
What rescue, pre-hospital care and assistance to the community. This ontology is available in Portuguese and English languages (https://recsysufba.wordpress.com/ontology/ ).
Step I-Specification
In this phase, techniques, methods and activities were carried out in order to obtain necessary information for defining the scope of the project. To obtain the responses, we therefore carried out three unstructured interviews with specialists of the Military Fire Department of Bahia, Brazil. The experts involved have roles, activities and distinct responsibilities within the corporation such as operation command, emergency command and coordination of the central telecommunications system (190) of the Fire Department.
The interviews were transcribed for further data analysis and the responses helped delimiting the scope. The scope was delimited from the feasibility analysis and the necessary documents have been selected. After understanding the needs of the organizations we elaborated 23 competency questions (13 main questions and 10 subquestions). Table 1 shows some competency questions which were defined. This step was performed over a period of three months (bet-ween January and March, 2015). From the responses, we established the following scope:
• Based on the recommendation of the experts section, the domain of the ontology is fire in buildings; • For domain conceptualization, we will use documentation, technical manuals and instructions of the Fire Brigade of Sao Paulo State as a reference of organization in the country; • The focus of the ontology will be in the rescue tactical phase; • The ontology will contribute to documentation and standardization of the emergencies response protocols related to fires in buildings.
Step II-Conceptualization
After the specification phase, we started to develop of the domain conceptual model. We used the manual coding technique [17] for content analysis of the documents selected in the specification phase. Hence, we set up the conceptual mapping of domain. The terms and definitions were grouping by subject, in which the ID (document code + text code + summary theme code) is the reference of extraction. The documents analyzed were:
• [21] .
During this stage, we extracted 131 terms, with their meanings, and defined 60 object properties, 30 datatype properties and 20 rules. Table 2 presents examples of extracted terms such as Emergency and Fire. Table 3 depicts examples of relationships between terms through a object property and Table 4 shows examples of datatype property. 
Step III-Formalization and Implementation
We used the Protégé [22] for building the ontology. The conceptual model of the domain generated in the conceptualization step was used as a reference for creating classes, subclasses, settings, properties and rules. This stage lasted approximately 5 months (between April and August, 2015).
Taxonomy
The classes and subclasses were created based on information obtained in the conceptualization stage. From 131 terms extracted, most of 103 classes were created and of these 67 are subclasses. Most terms have definitions which have been described in notes. Figure 1 presents examples of classes and subclasses created.
As an example of the taxonomy created, the class CarePhase has subclasses TacticalPhase, Regress, Ventilation and ProtectionSaved. TacticalPhase has subclasses Rescue, Isolation, Confinement, Extinction and Aftermath. Figure 2 shows the taxonomy of the subclass TacticalPhase.
Object Property
Object properties are used to relate the individual of a class with the individual of another class [23] . From 60 object properties defined in the extraction process, 34 were created in the Protégé tool. A total of 26 object properties were rejected because they were out of the scope which was defined during the specification stage or were irrelevant.
The property isActionOf, for example, associates the individual of the class ActionResponse (domain) with the individual of the class CarePhase (range). Thus, it is defined that the care phases are composed by response actions to the incident (as shown in Fig. 3 ).
Datatype Property
Datatype properties are used to link an individual to a primitive value (string, boolean and others) [23] . We created 26 datatype properties in Protégé. Examples of these properties are: Boolean (isWalking, isBreathing), String (colorIdentificationScreening) and others (as shown in Fig. 4 ).
Instances
Instances were defined after the creation of classes, subclasses and properties. An instance is the concretion of a class, in which represents a single individual in a hierarchy [24] . For example, the class Organization and the subclass MilitaryFireBrigade have instances MilitaryFireBrigadeBA and MilitaryFireBrigadeSP respectively. presents some examples of created instances of the type MilitaryFireBrigade. We also created 34 instances (32 exis-ting and 02 included by experts), mostly focused on response actions for the rescue tactical phase. In the next subsections we will be presented rules and inferences made, taking as base, classes, subclasses, properties and instances previously defined and built in Protégé.
SWRL Rules and Inferences
To create rules we used the SWRL language and for reasoning we used Pellet [25] . One of the main advantages of SWRL is its ease of use, since is specified in OWL -Web Ontology Language [23] , [26] , [27] . The rules were implemented in Protégé and covered the rescue tactical phase, more precisely the victims screening process.
To perform the screening, many organizations in Brazil use the method S.T.A.R.T. (Single Triage and Rapid Treatment) [28] . For this reason, several rules and instances created were focused in this protocol. Others factors also motivated the use of the method for implementation the rules such as: This is a standard protocol used by most organizations in Brazil and it is well referenced in other countries like the United States [29] , the process is part of the priority service which is the rescue of victims and this initial focus was an indication of the specialists.
We created 21 rules with the purpose of making inferences. For demonstration of some rules created, we will give a hypothetical example of emergency scenario. At a particular fire incident in a building some questions need to be answered such as:
Q1. Is there any victim?
Q2. Should the victims screening be carried out? Q3. What actions will be taken? Q4. Which resources will perform the actions?
Based on the above questions we set up the following rule: "If the particular victim is breathing and his breathing per minute is less than or equal to 30, THEN Fig. 6 ).
Evaluation of the EmergencyFire
The ontology was evaluated based on qualitative research approach [18] , [30] . This process occurred in 2 phases: i) the experts evaluated the concepts and taxonomy and ii) the experts evaluated the rules and instances for a number of emergency scenarios.
Evaluating Concepts and Taxonomy
The objective of this first stage is to assess the correctness and acceptance of the concepts and taxonomy for the construction of the classes, class expression axioms (SubClassOf, EquivalentClasses, DisjointClasses, DisjointUnion), object properties and datatype properties of the ontology.
We invite two experts of the Military Fire Brigade of Bahia (Sub commander of the Military Fire Brigade Group and Emergency Call Center Coordinator) to participate of the evaluation. The experts analyzed the classes, axioms and properties. They were fully assisted for any questions in regards during the analysis. After understanding the whole ontology model, they were asked to indicate those items to be rejected and suggest other concepts to be included in the ontology.
This phase occurred in parallel to the conceptualization stage (Sect. 3.2). During a period of 6 days, the experts analyzed 131 concepts, 60 object properties (relationships between concepts) and 30 datatype properties (characteristics of concepts). The time dedicated to the activity was in charge of the specialists, varying from 2 to 4 hours daily.
By strictly following a qualitative research methodology [18] , the evaluation (approval, rejection, inclusion) of concepts extracted from the technical documents was carried out based on the experience of the specialists. For this activity, they used indicative colors. The green color was used to indicate approval, the red color was used to indicate exclusion, the yellow color was used to indicate inclusion and the purple color was used to indicate lack of knowledge. We inserted a column ID to identify the document from which the concept was extracted (manual coding [17] ). Table 5 Some examples of the result of the activity. Table 5 presents examples of the assessment.
In general, some concepts were accepted (incident, work zone, fire, emergency, fire class, smoke, victim), others were rejected (opening for other buildings, chain reaction, physical aspects of the location and area) because they were ambiguous, redundant or not really meaningful and other term was suggested e.g. garrison member either to enrich the ontology.
The Results Obtained
The experts approved 85 concepts, which were later used in the definition of the taxonomy. The results are:
• From 131 concepts, 26 exclusions were indicated such as material involved and area; • From 131 concepts, the experts warned 19 (construction material of the building and fluids or gases of the fire) to be unfamiliar or unknown them, so they were not used; • The inclusion of 1 concept was indicated (Garrison member); • 86 concepts have been approved such as fire, emergency and response action (85 already existing + 1 included).
The 86 approved concepts and their descriptions were used in the definition of the taxonomy. From this analysis, 103 classes were created, of which 67 are subclasses. Regarding the properties of the object, 54 properties were approved. The results are:
• From 60 defined properties, 54 were approved such as
HumanResource -performAction -ResponseAction; • From 60 defined properties, lack of knowledge about 6 was indicated such as Flame -hasPropagationIndexFlamePropagationIndex;
• No exclusions were indicated;
• No inclusions were indicated.
From 54 object properties approved, 34 were implemented, 20 were not implemented because they are outside the delimited scope. Furthermore, they indicated lack of knowledge about 06 properties. Regarding datatype properties, 26 properties were approved. The results are:
• All 26 datatype properties approved were implemented. The others were not used because they were flagged with as lack of knowledge.
Evaluating Rules and Instances
The objective of this second stage was to evaluate the 21 rules and 32 instances defined. For this, an online questionnaire was applied with 13 questions to specialists after the implementation of the ontology. The experts, according to their experiences, approved some rules and indicated inclusions and exclusions of terms. This stage lasted 10 days and occurred after the phase of formalization and implementation. A period of 6 days was provided to complete the initial activity (questionnaire response). The time dedicated to the execution was based on their availability. Only two of them answered the questionnaire however this did not impact negatively due to the experience time of both (approximately 25 years).
The Results Obtained
We evaluated 20 rules and 32 instances defined through the documents (technical standards, manuals and guides) analyzed. With the analysis of the answers of the questionnaires, results as approvals, inclusions and exclusions were obtained. The results are:
• 32 instances were approved such as AutoPumpTank and
AutoPumpRescue that belong to subclasses of the Vehicle class; • No lack of knowledge was indicated.
Discussion
We were very careful in the ontology evaluation process. The use of methods and techniques based on the qualitative research approach greatly enriched the content of our work. The fact that the author of this article to work with the specialists facilitated the contact and helped in the execution of the activities. The methods applied (unstructured interviews, documentary analysis and others) were not automated. This gave qualitative value to the results and decreased the possibilities of errors.
During the research we faced with some limitations such as: i) the size of the sample of specialists involved was small and its population limited (the impact of this limitation was minimized by the qualification and time of experience of the specialists), ii) dependence of the specialists to carry out the research and iii) the absence of a case study or experiment to evaluate the practical usability of the ontology (we can point out it was not the focus of this research).
Applicability of the EmergencyFire
In this section we present an example of applicability of the EmergencyFire. The goal is to implement the tool as future work since at this moment the focus is the construction of the ontology. The application will support the strategic, tactical and operational planning of the involved organizations, being able to be used in training and simulations as well as in real situations. The fact that the author of this paper works at the Public Security Department added values throughout the research.
The intended system will provide mechanisms for organizations to approach incidents based on protocols specified in the ontological model approved by domain specialists. The user will input information related to the emergency scenario and the application will respond with the protocol to be performed (actions to be executed, resources and organizations involved, among others). An example of the initial prototype is shown in Fig. 7 .
The prototype was presented to two specialists of the Military Fire Brigade of Bahia, who participated in the ontology specification and evaluation phase. We obtained as a result a favorable critical analysis approving the main idea of the tool but also outlining suggestions on how to improve the layout and to add new functionalities. One interesting suggestion was to create a specific module for querying the knowledge base. At that time, the intention was to approve the idea of the application through a prototype of screens, so more details were not raised. In due time, requirements will be specified, template will be drawn up and the application will be developed.
Conclusion
This work presents an ontology whose main objective is to attenuate problems such as the lack of standardization and documentation of emergency response protocols of fire in buildings. We believe that EmergencyFire ontology may help organizations to quickly respond to an emergency situations of fire in buildings, since people and systems will have a common understanding of protocols.
The development of the ontology was based on interviews, conceptual analysis of documents (manuals, guides, norms and technical terms) using the manual coding method proposed by Saldaña [17] and evaluated by expert. The results were satisfactory. The approved ontology comprises 103 classes, 67 subclasses, 34 object properties, 26 datatype properties, 34 instances and 21 swrl rules.
As a future work we plan to include: ontology evaluation by specialists related to agencies of other brazilian states, conducting a study to include other variables not yet evaluated, such as the insertion of new emergency response protocols, implementation of application that consumes the created ontology (axioms and concepts), and execution of case study to attest the applicability of the EmergencyFire. In this way, new contributions will be added to the work.
